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Abstract
Background: Giardia is not endemic in Norway, and more than 90% of reported cases acquire
the infection abroad. In late October 2004, an increase in laboratory confirmed cases of giardiasis
was reported in the city of Bergen. An investigation was started to determine the source and
extent of the outbreak in order to implement control measures.
Methods: Cases were identified through the laboratory conducting giardia diagnostics in the area.
All laboratory-confirmed cases were mapped based on address of residence, and attack rates and
relative risks were calculated for each water supply zone. A case control study was conducted
among people living in the central area of Bergen using age- and sex matched controls randomly
selected from the population register.
Results: The outbreak investigation showed that the outbreak started in late August and peaked
in early October. A total of 1300 laboratory-confirmed cases were reported. Data from the
Norwegian Prescription Database gave an estimate of 2500 cases treated for giardiasis probably
linked to the outbreak. There was a predominance of women aged 20–29 years, with few children
or elderly. The risk of infection for persons receiving water from the water supply serving Bergen
city centre was significantly higher than for those receiving water from other supplies. Leaking
sewage pipes combined with insufficient water treatment was the likely cause of the outbreak.
Conclusion: Late detection contributed to the large public health impact of this outbreak. Passive
surveillance of laboratory-confirmed cases is not sufficient for timely detection of outbreaks with
non-endemic infections.
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Background
Giardia lamblia (syn. intestinalis or duodenalis) is an impor-
tant cause of gastrointestinal illness throughout the world
[1,2]. The most common identified non-human source of
infection has been water[3], both through drinking water
exposure [4-6] and through recreational exposure in
swimming pools or during swimming outdoors [7]. In the
USA and UK, giardia has been one of the most common
identified causes of waterborne outbreaks [4,5,8].
In Norway (population 4.5 million), giardiasis is mainly
considered to be an imported disease. More than 90% of
the 300–500 annual cases with information on place of
infection have been acquired abroad. Most cases are
detected at immigrant screening [9]. The domestic cases
are mainly caused by secondary transmission from
imported cases or sexual transmission among homosex-
ual men, however for some the source is unknown and
contaminated water has been suspected [9]. We know of
no previous waterborne giardiasis outbreak in Norway
[10].
Bergen, located in Hordaland County, is the second larg-
est city in Norway with a population of around 240,000.
On October 29th 2004, the municipal medical officer in
Bergen was alerted by the university hospital to an
increase of patients diagnosed with giardiasis. During the
last two weeks there had been 27 laboratory confirmed
cases among persons with unknown or no travel history.
The cases were mainly young adults living in the central
part of the city. At the same time, some general practition-
ers had also reported an increase in consultations for gas-
troenteritis. In previous years, only 1 – 2 domestic cases of
giardiasis were reported annually in Bergen.
An outbreak team with representatives from the munici-
pal health authorities, the local food safety authority, and
the water and sewage authorities initiated an outbreak
investigation. The objectives were to describe the out-
break, to identify the source, and to implement short- and
long-term control measures. We describe here the results
of investigation and highlight the problem of timely
detection and recognition of outbreaks of giardiasis in
non-endemic countries.
Methods
Epidemiological investigations
We defined a case of outbreak associated giardiasis as a
person who had a stool sample positive for Giardia after
September 1, 2004, who had visited or stayed in Bergen
during the incubation period for giardiasis (defined as
one month) and who had not travelled to a highly
endemic area for giardiasis during this time.
Every day we obtained information about all new labora-
tory confirmed cases of giardiasis from the laboratory of
parasitology at the university hospital. General practition-
ers in the area were informed about the outbreak, and
encouraged to submit samples for parasitological exami-
nation from patients with symptoms consistent with giar-
diasis. We interviewed the first diagnosed cases by
telephone with trawling questionnaires to identify date of
illness onset and any common exposures. Throughout the
outbreak all newly diagnosed cases were interviewed in
order to collect basic information on age, sex, place of res-
idence, travel history, date of illness onset and probable
source of infection.
We used a map of the six water supply zones serving the
city and their number of recipients, to map the place of
residence of each case and calculated attack rates and risk
ratio per water supply zone with 95% confidence inter-
vals.
To assess the number of persons requiring treatment dur-
ing the outbreak, we received data from the newly estab-
lished Norwegian Prescription Database (NorPD) on
number of prescriptions of metronidazol delivered from
pharmacies to persons in Hordaland County during Janu-
ary 1st 2004 to August 31st 2005. NorPD is a national
health register containing information on delivery of
medicines from pharmacies in Norway, however indica-
tions for treatment is not included in the register. Metron-
idazole is normally prescribed for a variety of indications
such as bacterial vaginitis, gingivitis, part of the combina-
tion treatment for H. pylori, infections with Clostridium dif-
ficile and other anaerobic bacteria, amoebiasis, giardiasis,
profylactically for colorectal surgery. The NorPD was
established January 1st  2004, so the average monthly
number of prescriptions during January 1st to August 31st
2004 was therefore used as the baseline, and the excess for
the period September 1st 2004 to February 1st 2005 was
assumed to be prescriptions to patients associated with
the giardia outbreak.
Case control study
The case-control study was restricted to cases living within
the central water supply zone and who were known to us
by November 7th 2004. From the city's population register
we chose controls from the same area, individually
matched by sex and birth date. Potential controls were
contacted by telephone until we had two controls inter-
viewed per case.
Both cases and matched controls were asked about the
exposures in the same period; two weeks before symptom
onset for the case. Cases and controls that had travelled to
a highly endemic country for giardiasis during the incuba-
tion period were excluded. The information was collectedBMC Public Health 2006, 6:141 http://www.biomedcentral.com/1471-2458/6/141
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by telephone interviews using a structured questionnaire
targeted to exposures derived from the trawling inter-
views, including food and drinks consumed different
activities, clinical illness, use of health services and treat-
ment.
Data analysis
Data were entered and analysed with Epi Info software,
version 3.3 (CDC, Atlanta, GA, USA) and STATA 8.0 (Stata
Corporation, College Station, TX, USA). For the case-con-
trol study univariate analysis of each exposure was con-
ducted by using the procedure for conditional logistic
regression for matched case-control data in STATA. Signif-
icant variables (p < 0.1) were included in a multivariable
analysis using the same regression procedure.
The results are reported as matched odds ratios with 95 %
confidence intervals and two-tailed p-values. To assess
risk of giardiasis associated with quantity of water con-
sumed, we later performed a group matched analysis
including interviewed cases for whom we did not inter-
view individually matched controls. Group matching was
based on gender and 10-year age groups.
Investigations of outbreaks are regulated by the Infectious
Disease Control Act and regulations in Norway. The inves-
tigation to identify the source and implementing control
measures is considered as an urgent public health task.
Due to this, the investigation is excepted from the require-
ment of approval from ethical review board. This is in
agreement with the International Guidelines for Ethical
Review of Epidemiological Studies by the Council for
International Organisations of Medical Sciences (CIOMS)
(1991).
Parasitological investigations
All stool samples were examined at the laboratory of par-
asitology at the university hospital, initially by micros-
copy. Due to the large increase of stool test requests in the
beginning of November, the laboratory decided on
November 9th to start using a rapid immunoassay test
(ImmunoCard STAT! Cryptosporidium/Giardia rapid assay;
Meridian Bioscience).
Environmental investigations
The municipality of Bergen is supplied with drinking
water from six different waterworks, all using surface
water sources. The waterwork serving the central part of
Bergen (waterwork A) is interconnected to another water
supply (waterwork B) serving the higher parts of Bergen.
Some people located in between these water supply zones
may in period receive water from the other supply.
Together waterwork A and B serve 48.000 people, in addi-
tion to restaurants, hotels, offices, universities, hospitals
and other facilities located in the central part of Bergen.
Available routine water quality testing results from August
to November 2004 were reviewed and compared with
results from 2003. The parameters investigated were tur-
bidity, total bacterial count and counts of thermotolerant
coliform bacteria, E. coli and Clostridium perfringens spores.
Starting November 3rd, the water and sewage authorities
surveyed the catchment area to identify possible sources
of contamination of the water supplies, focusing on sew-
age contamination from residential areas or from a restau-
rant located nearby the lake. In addition possible
contamination from grazing animals or recreational activ-
ity was also investigated. Water samples were collected
from different locations in the water source and from sev-
eral small streams that went into the lake. On the 7th and
11th of November, seven parallel samples were taken and
investigated for presence of giardia cysts at the Norwegian
Veterinary School and the Swedish Institute for Infectious
Disease Control.
Results
Epidemiological investigation
The first cases fell ill in the end of August, 2004. After-
wards the number of cases increased gradually, and
peaked in middle of October (week 42) (Figure 1). There-
after the number of cases decreased gradually, and from
the middle of November only a few persons fell ill. Con-
sultations for infectious gastroenteritis started to increase
at Bergen emergency hospital in the end of September
(week 39) (Figure 1c). The outbreak was recognized by the
municipal health authorities on October 29th (week 44).
Between September 1st 2004 and February 1st 2005, a total
of 1268 lab-confirmed cases were reported.
There was a predominance of adults in the 20–29-year
age-group, representing 47 % of the cases, with few cases
in children or the elderly. Only 12 cases (1%) were chil-
dren under 5 years. The female to male ratio was 1.6:1
(Figure 2)
Of the first 795 cases registered by December 1st, 637 cases
(80%) lived in the central part of the city, served by water
supply A. During the months August to November, a total
of 42,774 people received water from supply A. This
yielded an attack rate in this supply zone of 149/10,000,
compared to 8/10,000 in the other supply zones com-
bined; RR 18 (95% CI: 15 – 22) (Table 1 and Figure 3).
Case control study
A total of 27 cases and 54 controls were included in the
case-control study. Several exposures were associated with
illness in the univariate analysis (Table 2). In multivaria-
ble analysis only drinking more than 5 glasses tap water at
home (OR 5.9, 95% CI 1.7 – 21) or at a gym located in the
city centre (OR 7.2, 95% CI 1.0 – 51) were independentlyBMC Public Health 2006, 6:141 http://www.biomedcentral.com/1471-2458/6/141
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associated with giardiasis. Group matched analysis con-
firmed the results that cases were more likely to drink a
large amount of tap water at home than controls (Table
3).
Clinical presentation and treatment
We interviewed 137 cases about clinical symptoms and
treatment. Diarrhoea, nausea, stomach pains, flatulence
and foul smelling stool were reported by more than 90%
of the cases, while vomiting and fever was less common
(reported by 36% and 17% respectively). Eighty-three per-
cent of the cases (67 of 81 respondents) reported weight
loss, with an average of 5.1 kg (range 1 to 23 kg). Symp-
toms lasted for a median 30 days range 2–60 days (Table
4).
It took on average 17 days from onset of illness to the first
physician contact, and 33 days from illness onset to start
of treatment for giardiasis. The cases contacted a physician
on average 4.4 times (Table 4). Of 52 cases that became ill
during September and October and gave information on
date of starting treatment, only 2 cases (4%) started treat-
ment before the outbreak was reported on November 3rd.
Only six of 83 respondents (7%) were hospitalized.
During the period September 1st 2004 and February 1st
2005, pharmacies in the Bergen area filled 5700 prescrip-
tions for metronidazol to 4470 different persons. This is
an excess of 2500 persons treated in this period, subtract-
ing the monthly average for January 1st to August 31st
2004.
Environmental investigations
Water supply A takes water from a lake located 1–2 km
from the centre of Bergen (Figure 3). The catchment area
is used for recreational activity, grazing of sheep and there
are also some residential areas located close to the water
intake. There are no water-animals (i.e beavers) in the
area. There are two water intakes at 12 and 17 metres
depths respectively. The water is disinfected with chlorine.
Cases of giardiasis by week of illness onset, Bergen municipality 1/9/2004 – 1/2/2005 (n = 963) Figure 1
Cases of giardiasis by week of illness onset, Bergen municipality 1/9/2004 – 1/2/2005 (n = 963) and A. cases of giardiasis by 
week of diagnosis. B. prescriptions of metronidazol delivered from pharmacies to persons in Hordaland per week. C. number 
of consultations for diarrhoeal illness per week at Bergen legevakt. D. Termotolerant coliform bakteria (TCB) in raw water 
samples from watersupply A.
0
50
100
150
200
250
32 34 36* 38 40 42 44 46 48 50 52
Week number
N
u
m
b
e
r
 
o
f
 
c
a
s
e
s
 
p
e
r
 
w
e
e
k
Week of illness onset
Week of diagnosis
Outbreak alert
0
20
40
60
80
100
120
140
160
180
32 34 36* 38 40 42 44 46 48 50 52 Week number
N
u
m
b
e
r
 
o
f
 
c
a
s
e
s
 
p
e
r
 
w
e
e
k
Week of illness onset
Diarrhea at Bergen
Legevakt
Outbreak 
alert
August December November October September
0
50
100
150
200
250
32 34 36* 38 40 42 44 46 48 50 52
Week number
N
u
m
b
e
r
 
o
f
 
c
a
s
e
s
 
p
e
r
 
w
e
e
k
0
100
200
300
400
500
600
700
800
900
1000
Week of illness onset
Prescriptions (1st)
Outbreak 
alert
0
20
40
60
80
100
120
140
160
180
32 34 36* 38 40 42 44 46 48 50 52 Week number
N
u
m
b
e
r
 
o
f
 
c
a
s
e
s
 
p
e
r
 
w
e
e
k
0
10
20
30
40
50
60
70
T
C
B
/
1
0
0
 
m
l
 
r
a
w
-
w
a
t
e
r
TCB 2004
Week of illness onset
Outbreak 
alert
August December November October SeptemberBMC Public Health 2006, 6:141 http://www.biomedcentral.com/1471-2458/6/141
Page 5 of 10
(page number not for citation purposes)
Routine samples from water supply A showed high
amount of thermotolerant coliform bacteria and E. coli in
raw water in late August and September, with the highest
values in samples taken on August 31 (week 36) (64 E. coli
/100 mL). This was considered to be common during that
time of the year. Treated water samples were in accordance
with the regulatory requirements for the whole period
August – November, with the exception of presence of low
levels of E. coli in two samples taken on September 14th
(week 38)(1 – 2 colony forming units [CFU]/100 mL).
This was caused by a short failure in chlorination during
the night to September 14th, and repeated samples were
negative. Turbidity levels in the raw water were within
acceptable limits for the whole period (< 1 Formazin
Nephelometric Unit).
Due to presence of Clostridium perfringens spores in rou-
tine samples of treated water in September (1 CFU/100
mL), a sample was investigated for presence of giardia and
cryptosporidium (oo)cysts on September 28, 2004. The
sample showed 1 presumptive giardia cyst/10 litre. This
was interpreted to be in accordance with previous reports
of raw water sources in Norway, and considered too low
to be of any public health risk. Samples of treated water
from November 3, showed five presumptive giardia cysts
per 10 l. The raw water samples taken in November
showed a maximum of five presumptive cysts per 10 l, var-
ying from zero to five in the parallel samples taken on the
same date.
Inspection of the sewage system in the nearby residential
area found that the sewage pipes were old with signs of
leakage. In times with heavy rainfall, overflow of the pipes
would lead to leakage into the lake serving water supply A.
Control measures
Based on the epidemiological findings together with
results of water samples taken from treated water on
November 3rd, a boil water notice was issued on Novem-
ber 5th to persons receiving drinking water from water sup-
ply A. Specific instructions were also issued to hotels,
restaurants, other retail food outlets and institutions
regarding water use and preventive measures. At the same
time the waterworks redirected water from other water
supplies, so the area receiving water from water supply A
was restricted (Figure 3). From November 5th to Novem-
ber 18th, the number of persons receiving water from
water supply A was thus reduced from 25,000 to 6,700. A
comprehensive mapping system available on the munici-
pality's website was used to inform the public in the
affected area about when they could start drinking tap
water at their home address. The entire distribution sys-
tem in the centre of Bergen was flushed in order to remove
any remaining Giardia cysts. To stop further contamina-
tion, public and private sewage pipes in residential areas
and tourist facilities located nearby the water source were
checked and improved if needed.
On December 21st, 2004 the boiling advice was lifted.
This was decided because all recent water samples were
negative for Giardia cysts, and all the identified contami-
nation sources had been eliminated. Since many residents
of Bergen were still ill, the health authorities strongly
advised that the public maintains a high level of personal
hygiene and stressed that the public should wash their
hands thoroughly after visits to the lavatory. There was a
special awareness on possible secondary transmission in
child care institutions and swimming pools.
A water treatment plant with filtration and UV disinfec-
tion had already been commissioned for the affected
water supply before the outbreak, with planned start of
operation in 2007. In the interim period, a temporary UV
plant was opened in February 2005 to provide additional
disinfection for the water supply while the new treatment
plant is being built.
Discussion
We have described the first recognized waterborne out-
break of giardiasis in Norway. This is also one of the larg-
est waterborne outbreaks of any cause reported in Norway
during the last decades, with almost 1300 laboratory con-
firmed cases, and 2500 persons receiving medical treat-
ment. It is estimated that around 48,000 people were
exposed to contaminated drinking water during the out-
break. A heavy rainfall during a short period in September
may have contributed to this outbreak by overloading the
old sewage system, thus causing leakage to the lake. This
emphasizes the importance of watershed protection in
residential planning in order to diminish the risk of con-
Age- and sex-distribution, giardiasis in Bergen municipality 1/ 9/2004 – 1/2/2005 (n = 1222) Figure 2
Age- and sex-distribution, giardiasis in Bergen municipality 1/
9/2004 – 1/2/2005 (n = 1222).
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tamination of the water supply from sewage overflow.
Norway's drinking water regulations require two inde-
pendent hygienic barriers between the water source and
the customer, of which one can be good source water pro-
tection. In the current outbreak, the water supply did not
adhere to this requirement since source water protection
Map of giardiasis cases in Bergen municipality from 1/9 to 1/12 by address of residence and water supply zone (map from water  and sewage authority, Bergen municipality) Figure 3
Map of giardiasis cases in Bergen municipality from 1/9 to 1/12 by address of residence and water supply zone (map from water 
and sewage authority, Bergen municipality).
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was insufficient and chlorine disinfection in the doses
used does not constitute a hygienic barrier towards proto-
zoan parasites.
Persons who drank a lot of water had a much higher risk
of illness. Close to two thirds of the interviewees drank
more than 5 glasses of water daily, and many reported
drinking several litres daily. To avoid recall bias they were
asked explicitly for the period before falling ill, and they
stated this was what they normally would drink – many
mentioned this as part of dieting, healthy living or exercis-
ing. Since many young people, and especially women,
drink a lot of water, for these reasons, this might have con-
tributed to the observed age and sex distribution of the
cases. In a Norwegian survey from 1997 women and men
in the age-group 16–29 years drank on average 390 ml
and 323 ml water/day respectively compared to 338 ml
and 276 ml for all adult women and men respectively
[11]. The low attack rate among children and elderly sug-
gests that the contamination probably has been very
small, so that large amounts were needed for infection.
The demographic characteristics of the affected area could
also have contributed to the observed age-distribution, as
it is mainly a business area and with rental accommoda-
tions for students.
The epidemic curve indicates that most cases must have
been infected during the period from the end of August
until the beginning of October. Since Giardia cysts can
survive in water for 1–2 months, the contamination may
Table 2: Matched univariate conditional logistic regression analysis of selected dichotomous risk factors among cases of giardiasis and 
matched controls, water-supply zone A, Bergen municipality 1/9 – 15/11 2004.
Cases (%) (n = 27) Controls (%) (n = 54) Matched 
OR
95% CI p-value
Having children in household 8 33% 17 34% 1.2 0.3 – 4.5 0.8
Having dog/cat 8 30% 7 13% 5.3 1.0 – 26.6 0.04
Salad 20 87% 45 90% 0.7 0.2 – 3.3 0.7
Tomato 19 83% 44 85% 0.8 0.2 – 3.2 0.8
Cucumber 20 83% 41 82% 1.2 0.3 – 4.3 0.8
Raw leek 9 38% 9 18% 7.1 0.9 – 58.9 0.1
Mineralwater 11 42% 27 51% 0.6 0.2 – 1.8 0.4
Coffee 18 72% 28 52% 2.4 0.7 – 7.9 0.2
Beer 8 33% 8 15% 3.3 0.9 – 12.7 0.06
Water at home (>5 glass) 20 74% 12 22% 7.3 2.4 – 21.8 <0.01
Water at the gym 10 38% 8 15% 5.2 1.1 – 26 0.03
Water in cafe or restaurant 10 38% 13 25% 1.8 0.6 – 5.2 0.3
Drinking water at work 14 56% 24 45% 1.6 0.6 – 4.4 1.6
Supermarket A 22 88% 27 55% 6.5 1.4 – 29.2 <0.01
Supermarket B 12 52% 19 40% 1.2 0.4 – 3.5 0.7
NOTE. CI, confidence interval; OR, odds ratio.
Table 1: Attack rate of giardiasis by water supply zone, Bergen municipality Aug-Nov 2004 (n = 795)
Watersupply Cases Number of recipents Attack-rate (per 
10,000)
A 637 42,774 148.9
B1 5 9 , 6 8 5 1 5 . 5
C 89 105,440 8.4
D 33 34,406 9.6
E 4 14,266 2.8
F 13 23,848 5.5
Risk ratio 95% confidence 
interval
B+C+D+E+F 158 194,519 8.1 Ref.
A 637 42,774 148.9 18.3 15.4 – 21.8BMC Public Health 2006, 6:141 http://www.biomedcentral.com/1471-2458/6/141
Page 8 of 10
(page number not for citation purposes)
have occurred over a limited period in late August – early
September. Several factors may have delayed the detection
of the outbreak until the end of October. Many patients
delayed seeing their doctor because the symptoms were
neither acute nor serious. Thereafter, most physicians did
not submit stool samples in patients with mild diarrhoea.
If they did, they rarely requested examination for giardia
since the patients had not been abroad [12], and the lab-
oratories do not routinely analyze faecal samples for par-
asites. Many patients contacted their physicians several
times without being diagnosed with giardiasis. Thus, the
pathogen-specific Norwegian surveillance system for
communicable diseases could not detect the outbreak in a
timely manner, a recognized problem for laboratory
based surveillance systems [13]. Unfortunately, in this
outbreak, several other indications that an outbreak was
imminent were also overlooked.
Firstly, routine samples from the water supply showed
high levels of faecal indicator bacteria and E. coli in raw
water samples taken in the end of August. However, sam-
ples from treated water were in accordance with drinking
water requirements, thereby giving a false sense of secu-
rity. Chlorination will effectively remove indicator bacte-
ria from the water, but chlorine-resistant pathogens such
as protozoan parasites can still be present. A survey of sur-
face water in Norway showed that cryptosporidium and
giardia were present in 18.5 % of sources sampled, albeit
in small numbers (80% of the samples had only 1 cyst/10
l, and the highest concentration observed was 3 cysts/10
l)[14]. Many Norwegian waterworks still rely on chlorin-
ation as the only water treatment, and up to now very few
domestic infections with these parasites have been diag-
nosed. With increasing travel to endemic areas, the risk of
contamination of water sources may increase, and may
lead to a change in the incidence of these infections if
measures to prevent waterborne transmission are not
taken.
Secondly, several clinicians had noted an increase in con-
sultations for gastrointestinal symptoms. Statistics from
Bergen emergency hospital showed an increase in consul-
tations for infectious gastroenteritis already in late Sep-
tember, more than a month before the outbreak was
recognized. In the medical microbiological laboratory
serving the city, suspicions should have been raised when
there was a large increase in requests for stool cultures
during September and October. Unfortunately, most cli-
nicians and microbiologists will delay outbreak reporting
until a diagnosis is confirmed. There is a need to lower
physicians' threshold for reporting unusual events to pub-
lic health authorities.
Thirdly, the food safety authority was contacted by TV
journalist 7–10 days before the outbreak was detected;
asking if there was an outbreak going on. The food safety
Table 4: Treatment, severity of disease and time-delays in health care – laboratory-confirmed cases of giardiasis, Bergen 1/9 – 15/11 
2004
Yes Total Percentage Average Median Range
Duration (days) - 82 - 32 d 30 6 – 60
Weight loss 67 81 83% 5.4 kg 5 1 – 23
Physician contacts (visits or phone) 72 73 99% 4.4 times 3 1 – 21
Absence from work/school 54 76 71% 10.5 d 8 1 – 30
Hospitalisation 6 83 7.2% 3.8 d 2.5 1 – 11
Antibiotic treatment 57* 83 69% - - -
Patient delay in contacting health services (days) - 74 - 17.1 d 16.5 0 – 44
Physician delay in start of treatment (days) - 47 - 18.0 d 15.5 0 – 54
Total delay between symptom onset and start of treatment 
(days)
- 51 - 33.1 d 31 9 – 69
* at time of interview (8-11-04)
Table 3: Risk of giardiasis associated with quantity of water consumed among residents in water zupply zone A, Bergen municipality 1/
9 – 15/11 2004. Group matched analysis by sex and 10-year age groups (83 cases, 54 controls).
Water intake Cases % Controls % OR* 95% CI
< 1 glass 1 1 % 4 7 % Ref -
1 – 2 glasses 8 10 % 11 20 % 3.2 0.2 – 69.5
3 – 5 glasses 23 28 % 27 50 % 4.8 0.4 – 64.7
more than 5 
glasses
51 61 % 12 22 % 7.4 1.2 – 44.5
* chi-square test for linear trend: 19.7; p < 0.001.BMC Public Health 2006, 6:141 http://www.biomedcentral.com/1471-2458/6/141
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authority contacted the microbiological laboratory at the
local hospital, which confirmed that they had received
many stool samples, but that all were negative for bacte-
rial and viral pathogens. The municipal health officer was
contacted, but he had not received any reports about any
suspected outbreak. This was then not followed up fur-
ther.
Other possible sources for detection of outbreak should
be considered in the future in order to reduce delays in
recognizing outbreaks. A new electronic surveillance sys-
tem is currently under development in Norway, based on
daily collection from all general practitioners and emer-
gency rooms of number of consultations and their diag-
noses. Following a large waterborne outbreak of
cryptosporidiosis in Milwaukee, the timeliness and use-
fulness of the various sources for outbreak detection was
evaluated [15]. Water quality data and water customer
complaint logs were the most timely, while clinical labo-
ratory data lagged more than two weeks. Other surveil-
lance systems that the authors considered useful included
nursing home diarrhoeal rates, hospital emergency room
visits, school absentee data, and diagnostic laboratory test
data. Due to a limited period of transmission and a delay
in clinical consultations in this outbreak, the early warn-
ing system that would have been most timely in limiting
the extent of the outbreak is the system based on water
quality data. Detection based on clinical- or laboratory-
based surveillance would probably not had a large effect
in limiting the extent of the outbreak, however earlier
detection and identification of the aetiology would have
caused more timely diagnosis of the patients, earlier start
of treatment, less patient suffering and limited secondary
transmission.
Conclusion
We have described a waterborne outbreak caused by con-
tamination of a municipal water supply serving the centre
of the second largest city in Norway. Late detection con-
tributed to the huge public health impact of the outbreak.
This outbreak highlights the importance of non-compla-
cency regarding provision of safe drinking water, and that
questions from media or clinicians regarding suspected
outbreaks need to be investigated thoroughly. Relying on
disease-specific surveillance systems for detection of out-
breaks is not sufficient when the pathogen is difficult to
diagnose, or when it is non-endemic in the area and there-
fore not part of the routine diagnostic workup.
Competing interests
The author(s) declare that they have no competing inter-
ests.
The study was funded by internal funds from the Norwe-
gian Institute of Public Health and the municipality of
Bergen.
Authors' contributions
KN was the principal investigator of the epidemiological
investigation of this outbreak; she carried out the statisti-
cal analysis of the case-control study, and drafted the
manuscript. BS participated in data gathering and analy-
sis, ØS was responsible for leading the investigation, AKW
and IT conducted patient interviews and participated in
management of the outbreak, NL and TH carried out
patient management and treatment and PA participated
in the design of the study and helped to draft the manu-
script. All authors read and approved the final manu-
script.
Acknowledgements
We thank the following persons for their valuable input into this investiga-
tion: Sandra McCarley and Arne Seim from the Municipality of Bergen for 
providing environmental data and maps of cases and the water supply, the 
staff at the laboratory for parasitology at Haukeland University Hospital for 
their great effort in examining thousands of samples during a very short 
time span, and thank also to the general practitioner Knut-Arne Wensaas 
for his alertness, case finding and comments.
References
1. Horman A, Korpela H, Sutinen J, Wedel H, Hanninen ML: Meta-
analysis in assessment of the prevalence and annual inci-
dence of Giardia spp. and Cryptosporidium spp. infections in
humans in the Nordic countries.  Int J Parasitol 2004,
34:1337-1346.
2. Marshall MM, Naumovitz D, Ortega Y, Sterling CR: Waterborne
protozoan pathogens.  Clin Microbiol Rev 1997, 10:67-85.
3. Flanagan PA: Giardia--diagnosis, clinical course and epidemiol-
ogy. A review.  Epidemiol Infect 1992, 109:1-22.
4. Barwick RS, Levy DA, Craun GF, Beach MJ, Calderon RL: Surveil-
lance for waterborne-disease outbreaks--United States,
1997-1998.  MMWR CDC Surveill Summ 2000, 49:1-21.
5. Lee SH, Levy DA, Craun GF, Beach MJ, Calderon RL: Surveillance
for waterborne-disease outbreaks--United States, 1999-
2000.  MMWR Surveill Summ 2002, 51:1-47.
6. Stuart JM, Orr HJ, Warburton FG, Jeyakanth S, Pugh C, Morris I,
Sarangi J, Nichols G: Risk factors for sporadic giardiasis: a case-
control study in southwestern England.  Emerg Infect Dis 2003,
9:229-233.
7. Porter JD, Ragazzoni HP, Buchanon JD, Waskin HA, Juranek DD, Par-
kin WE: Giardia transmission in a swimming pool.  Am J Public
Health 1988, 78:659-662.
8. Furtado C, Adak GK, Stuart JM, Wall PG, Evans HS, Casemore DP:
Outbreaks of waterborne infectious intestinal disease in Eng-
land and Wales, 1992-5.  Epidemiol Infect 1998, 121:109-119.
9. Nygard K, Blystad H: [Giardiasis in Norway].  MSIS-rapport (Com-
municable Disease Report, Norway) 2005, 33: [http://www.fhi.no/nyhet
sbrev/msis].
10. Nygard K, Gondrosen B, Lund V: [Water-borne disease out-
breaks in Norway].  Tidsskr Nor Laegeforen 2003, 123:3410-3413.
11. Johansson L, K S: NORKOST 1997 [National dietary survey
among men and women aged 16-79 years.].  1999, 2/1999:
[http://www.shdir.no/publikasjoner/rapporter/norkost_1997_24168].
Oslo
12. Nygard K, Vold L, Robertson L, Lassen J: [Are domestic Crypt-
osporidium and Giardia infections in Norway underdiag-
nosed?].  Tidsskr Nor Laegeforen 2003, 123:3406-3409.
13. Craun GF, Frost FJ, Calderon RL, Hilborn ED, Fox KR, Reasoner DJ,
Poole CL, Rexing DJ, Hubbs SA, Dufour AP: Improving water-Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Public Health 2006, 6:141 http://www.biomedcentral.com/1471-2458/6/141
Page 10 of 10
(page number not for citation purposes)
borne disease outbreak investigations.  Int J Environ Health Res
2001, 11:229-243.
14. Robertson LJ, Gjerde B: Occurrence of Cryptosporidium
oocysts and Giardia cysts in raw waters in Norway.  Scand J
Public Health 2001, 29:200-207.
15. Proctor ME, Blair KA, Davis JP: Surveillance data for waterborne
illness detection: an assessment following a massive water-
borne outbreak of Cryptosporidium infection.  Epidemiol Infect
1998, 120:43-54.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/6/141/pre
pub